Background. Selection of patients who are most and least likely to benefit from constraint-induced therapy (CIT) for the upper extremity is uncertain. Objective. This study investigated demographic and clinical characteristics that may predict outcomes for a distributed form of CIT. Methods. A group of 57 patients were treated with distributed CIT, and 7 potential predictors were identified, including age, sex, side of stroke, time since stroke, spasticity, neurologic status, and movement performance of the distal part of the upper extremity. Treatment outcome was assessed in terms of motor performance, perceived functional ability of the affected hand, and functional performance of daily activities, measured by Fugl-Meyer Assessment (FMA), Motor Activity Log (MAL), and Functional Independence Measure (FIM), respectively. Results. Motor ability of the distal part of the upper extremity and time since stroke were significantly predictive of outcomes on the FMA (adjusted R 2 = 0.18, P = .002) and the MAL subtest quality of movement (adjusted R 2 = 0.43, P < .0001). Motor ability and age were significant predictors of amount of use measured by the MAL (adjusted R 2 = 0.20, P = .001). None of the variables exhibited a predictive relationship with the FIM. Conclusions. The best predictor for motor outcomes after distributed CIT was greater motor ability of the distal part of the upper extremity, which is consistent with the presence of residual motor pathways that may respond to training. The FMA may be of value in stratifying patients for their likelihood to benefit from distributed CIT protocols.
A pproximately 30% to 66% of stroke survivors experience persistently impaired upper extremity (UE) movement. 1 Residual motor deficits in the UE frequently cause disability and permanent dependency on community care. 2 Constraintinduced therapy (CIT) has been advocated as means to improve motor recovery of the UE and functional use of the affected limb among patients after stroke. Constraint-induced therapy involves restraint of the unaffected UE (eg, during 90% of the hours the patient is awake per day for 2 weeks), forcing the use of the affected UE (eg, 6 h/d on 10 consecutive weekdays), and massed task-related training of the affected UE. 3 Because the acceptance of CIT among therapists and patients remains poor due to prolonged practice and restraint, 4 different forms of CIT have been developed. For example, the distributed forms of CIT (distributed CIT) involved 2 to 3 hour training of the affected arm with 6-to 9-hour restraint of the unaffected arm for 2 to 4 weeks. [5] [6] [7] [8] [9] [10] [11] Numerous studies 5, 6, [12] [13] [14] involving stroke patients have shown that various forms of CIT can enhance motor performance and functional ability of the affected UE. However, possible predictors related to distributed CIT outcome remain unknown. The identification of potential predictors for distributed CIT outcome helps underscore the factors that may affect treatment outcomes and target individuals who benefit the most from the therapy.
Evidence regarding predictors of optimal outcomes in stroke patients after CIT is limited. [15] [16] [17] [18] For example, Fritz et al 15 examined the 6 demographic and clinical characteristics of side of stroke, time since stroke, hand dominance, age, sex, and ambulatory status as predictors of functional outcomes of CIT and found that age is the only significant predictor of the amount of use in the affected UE after CIT. Rijntjes et al 17 also demonstrated that age is related to the quality of movement after CIT. A recent study by Langan and van Donkelaar 18 found that hand dominance does not influence response to CIT. Other clinical and demographic characteristics of stroke, such as side of stroke, time since stroke, and sex, were not found to be good predictors of CIT outcome.
Nevertheless, Ploughman and Corbett, 19 using one principle of CIT (restraint of the unaffected hand), mentioned that patients with left hemiplegia appeared to benefit from treatment differently from those with right hemiplegia. In addition, Rijntjes et al 17 demonstrated greater improvement in fine motor control after CIT for patients with right hemiplegia than for those with left hemiplegia. Time since stroke and sex are often used or patients were right-hand dominant before the stroke by selfreport and were a mean of 12 months (range, 0.7-88 months) after onset of a first-ever cerebrovascular accident ( Table 1) . All patients received independent examinations by a physiatrist and occupational therapist to determine their eligibility for inclusion. The 2 eligibility criteria for participants were that they displayed considerable nonuse of the affected limb, defined as an amount of use (AOU) score of less than 2.5 on the MAL, 24 and their affected arm had reached Brunnstrom stage 3 or more. 25 Patients were excluded if they had obvious cognitive impairments (score < 24 on the Mini-Mental State Examination), 26 excessive spasticity in the shoulder, elbow, wrist, or finger joints of the affected UE (Modified Ashworth Scale [ASH] score ≥ 2 in any joint), 27 and balance problems sufficient to compromise safety when wearing the project's constraint device.
Institutional review board approval was obtained from the study sites, and written informed consent was obtained from each patient before inclusion.
Procedures
We used a distributed form of CIT involving practice of functional tasks using the affected UE for 2 hours per day 5 days per week and restraint of the unaffected UE for 6 hours per day for 3 weeks. Such a protocol has been shown to be beneficial for motor and functional recovery after stroke 6, 9, 10 and is feasible in clinical settings. Shaping/adaptive and repetitive task practice techniques were administered on an individual basis during the training sessions. The tasks selected by patients and the therapist included opening a drawer, picking up a cup and drinking from it, picking up a phone, and other activities simulating daily life. Approximately 15 minutes of therapy were spent on normalizing the muscle tone of the affected limb as necessary. During the 3-week period, unaffected hands and wrists of the patients were placed in proposed as predictors for recovery or rehabilitation outcomes in stroke patients. 20, 21 These potential predictors warrant further scrutiny in the context of outcome studies of CIT. Fritz et al 15 suggest that other potential predictors such as neurologic status might be included in outcome research on stroke rehabilitation.
Another work by Fritz et al 16 investigated several measures of motor status to predict CIT outcome. They found that active finger extension was the only significant predictor of movement capacity outcome. However, they did not consider indicators of spasticity. Neurophysiologic measures 22 and the degree of spasticity measured clinically 23 have also been proposed as predictors for training-related stroke recovery. 22, 23 The studies discussed are not fully comparable, [15] [16] [17] [18] possibly owing to differences in potential predictors, outcome measures, and statistical analyses. Fritz et al 15 The outcomes of motor performance and functional capacity after CIT used in these studies were primarily assessed using the Wolf Motor Function Test and the Motor Activity Log (MAL). [15] [16] [17] [18] Additional outcome measures of motor and functional performance commonly reported in CIT studies included measurement tools such as the Fugl-Meyer Assessment (FMA) and the Functional Independence Measure (FIM). 5, 6, 12, 13, 19 Whether the outcomes after CIT can be predicted by demographic and clinical characteristics awaits investigation. Furthermore, studied factors that are predictive of positive treatment outcomes are limited to CIT delivery. 15, 16 These factors may not be appropriate predictors of success in distributed CIT delivery, 16 which is in a less intense manner and for a different duration compared with CIT.
This study aimed to identify predictors of distributed CIT outcomes, including movement performance, perceived functional ability of the affected hand, and functional performance of daily activities measured by FMA, MAL, and FIM. The potential predictors selected in this study were age, sex, side of stroke, time since stroke, spasticity, neurologic status, and the movement performance of the distal part of the upper extremity.
Methods Subjects
A total of 57 patients (39 men, 18 women) poststroke, with a mean age of 55.10 years (range, 14-86 years), were recruited from 2 participating sites from July 2003 to August 2007. The distal part of the UE. 29 The ASH scale, a 6-point rating where each item is scored from 0 to 5, was used to evaluate the severity of spasticity. 27 The National Institutes of Health Stroke Scale (NIHSS) was used to assess the neurologic deficit of stroke patients and is widely used for predicting outcome. 45 The NIHSS was shown to have good reliability, validity, and ability to predict outcomes. [46] [47] [48] [49] 
Data Reduction
The relative change in outcome measure between the pretreatment and posttreatment situations served as the dependent variable. To consider the effect of different starting points, the following formulas were used. [50] [51] [52] The following formula was used to index performance improvements after distributed CIT: [Improved Score (Posttest − Pretest)/Max Possible Improvement Score (Total Scores − Pretest Scores)] × 100%.
In contrast, the following formula was applied when performance deteriorated after distributed CIT: [Improved Score
We used these indices to indicate performance improvement and deterioration in this study. This practice was based on the proposal of Marx and Cummings 53 and has been applied in previous research of outcome prediction after stroke. 52
Statistical Analysis
The normality of the data of 4 outcome measures and 7 predictors was statistically verified by the value of skewness (±1) and visually verified using histogram graphs. Only the 2 predictors of time since stroke and the ASH required transformation using the natural log [ln].
Predictors of distributed CIT outcome were identified using 2 steps. First, the Pearson correlation coefficient (r) was used to examine the associations between the predictors at the pretest assessment and the relative change scores on the 4 outcome measures. The selection criterion for the entry of the predictors into the models was set to a value of P = .25. 54 A probability range of up to .25 was used to avoid the exclusion of important factors in the model development.
In the second step, the remaining predictors (ie, those exhibiting relatively high correlation with outcomes) were used in a backward stepwise procedure to develop a linear regression model for each outcome measure. 55 Adjusted R 2 , P values, and regression coefficients (β) were thus calculated. In addition, regression diagnostics were performed to verify the basic assumptions. The variance inflation factor was used to examine the presence of multicollinearity among predictors in the models. Table 2 reports the mean score of the relative change in each outcome measure and the grouping of subjects according to status of change (improvement, no change, or deterioration). The participants generally improved after distributed CIT, mitts with Velcro straps every weekday for 6 hours identified as a time of frequent arm use.
Results
Before and after the 3-week intervention period, the tests were administered by a blinded rater. Before administration of clinical measures, the blinded rater was trained to properly administer these 2 measures. This training included careful review of written instructions and repeated practice. Rater competence was assessed by a senior certified occupational therapist.
Outcome Measures
Three main outcome measures were used for this study, including FMA, MAL, and FIM. The FMA, an objective assessment tool, measures motor impairment of stroke patients, whereas the MAL and FIM represent subjective (self-reported) and objective measurements of the functional capacity of stroke patients, respectively.
Fugl-Meyer Assessment. The FMA includes items relevant to movement and coordination of the shoulder, elbow, forearm (proximal arm), and movement of the wrist and hand (distal arm). 28, 29 The maximum total score of the FMA is 66, and represents optimal performance, and the maximum total scores for the proximal and distal parts are 42 and 24, respectively. 30 Tests of movements of the distal parts of the UE include (1) wrist stability and flexion/extension at the elbow flexed at 0° and 90°, and wrist circumduction; (2) mass flexion and extension of finger; and (3) 5 types of grasping movements. Test-retest reliability, interrater reliability, and construct validity are all well established. 30, 31 Motor Activity Log. The MAL contains 30 structured interview questions related to information about the perceptions regarding the frequency (AOU) and quality of movement (QOM) of the affected arm experienced by patients during their daily lives. 24 The score of each item for AOU and QOM ranges from 0 to 5. The reliability and validity of the MAL have been established. [32] [33] [34] Functional Independence Measure. The FIM is a standardized measurement tool with a maximum score of 126. It comprises 18 items grouped into 6 subscales measuring self-care, sphincter control, transfers, locomotion, communication, and social cognition ability. 35 Each item is rated from 1 to 7, with higher score indicating better performance. The FIM has exhibited good interrater reliability. [36] [37] [38] [39] [40] This instrument is appropriate for evaluating interventions that highlight UE rehabilitation after stroke. 41 Several studies have used the FIM to study functional outcome after stroke rehabilitation. 5, 6, 10, 19, [42] [43] [44] 
Potential Predictors
Empirical findings and theoretic grounds were used to select the 7 potential predictors of age, sex, side of stroke, time since stroke, motor impairment of the distal part of the UE, spasticity, and neurologic deficit. The scores of the distal arm subsection of the FMA represented motor impairment of the removing the outlier, regression analysis for the AOU model was performed again ( Table 4 ). The regression diagnostic results indicated that the regression analyses were appropriate.
Discussion
The goal of this study was to investigate 7 demographic and clinical characteristics used to predict motor and functional outcomes after distributed CIT. The analyses revealed that significant predictors varied according to different aspects of outcome after distributed CIT. The best predictor of distributed CIT outcome was motor ability of the distal part of the UE, represented by wrist and hand scores of the FMA. Wrist and hand movement performance could predict changes in motor impairment, amount of use of the affected hand, and quality of movement for daily activities after distributed CIT. The predictive capacity of wrist and hand movement is sensible owing to its important role in the functional use of the UE during daily activities. None of the potential predictors showed a significant predictive relationship with the FIM.
Wrist and hand movement performance and time since stroke were significant variables with a predictive relationship with changes in motor impairment level and quality of movement for performing daily activities after distributed CIT. Better wrist and hand motor ability and shorter duration since especially in measures of motor ability. Only a very small number of subjects deteriorated after therapy. ASH, NIHSS, and FMA distal part were entered into both the AOU and QOM models. Finally, the 4 predictors of sex, side of stroke, [ln] time since stroke, and NIHSS were entered into the FIM model. Table 4 presents the results of backward stepwise multiple regression analyses. The [ln] time since stroke and the FMA distal part score were significant predictors for the FMA model, which accounted for 17.7% of the variance in FMA change scores. The age and FMA distal part score were significant predictors for the AOU model, which accounted for 20. The largest value of the variance inflation factors for the 3 models was 1.14, indicating that multicollinearity among the predictors did not unduly influence the regression estimates. 56 This study also examined the appropriateness of the 3 final regression models. Examination of the normal probability plot and the histogram revealed that the residuals were normally distributed. The presence of outliers was examined using Jackknife residual analyses, and residuals exceeding mean ± 3 SD were considered outliers. The results demonstrated that the sample contained 1 outlier only in the AOU model. After Wrist and hand performance and age significantly predicted changes in the amount of use of the affected hand after distributed CIT. Patients with enhanced wrist and hand performance and younger age before distributed CIT received greater gains in amount of use of the affected hand from distributed CIT. These findings do not contradict our belief that younger people may preserve better movement capacity and thus exhibit better recovery. 58, 59 Another possibility may be that younger stroke patients require greater abilities to perform daily life tasks and thus even small changes are noted, which was reflected in the self-assessment of AOU score. These results, however, are not entirely consistent with the findings of previous studies, 15, 17 with 1 study 15 finding age as the only predictor for the outcome of amount of use of the affected hand.
Multiple Regression Modeling
Besides the selection of different predictors for entry into the predictive models or the use of different methods of statistical analysis in these studies, differences in treatment intensity were noted among these studies. Previous studies used a CIT program with more intensive practice (6 hours) of the affected hand and restraint during most waking hours of the unaffected hand each day for 2 weeks, whereas the present study applied distributed CIT according to a less intensive program of 2 hours of practice and 6 hours of restraint per day lasting 3 weeks. The differences between previous studies and the present study suggest that different factors can be used to predict outcomes after CIT or distributed CIT in terms of amount of use in the affected hand.
As described previously, another finding of this study is that none of the potential predictors emerged as significant predictors for the FIM. This lack of association may indicate that the improved motor function did not translate into gains on the FIM because the FIM is a multifaceted scale that involves daily functioning from motor to cognitive domains. In addition, minimal motor improvements may not have been captured in the FIM score because the affected UE may not be used to perform the activities on the FIM (eg, transfers and locomotion). This finding suggests that factors that may affect outcomes in functional independence after distributed CIT differ from those that predicted UE motor improvements. Future research on outcome stroke before receiving distributed CIT were associated with reduced impairment level and increased quality of movement after distributed CIT. It might not be surprising that intervention gains accrued to subjects with a higher level of motor control of the distal UE than those with a lower level because the greater the intactness of corticospinal function is, the better the outcome becomes. 57 Shorter time after stroke may be associated with greater potential for recovery, possibly improving response to distributed CIT. It should also be noted that the experience of the subject over that time in practice with the affected UE may be more important than time per se.
These findings are not completely consistent with previous studies, with 1 study 16 having found only active finger extension predicted the outcome of motor performance after CIT and another 15 finding no predictors of motor outcome after CIT. The differences among the findings of different models may be explained by the selection of different potential predictors for inclusion in the predictive model and the use of different outcome measures to reflect motor performance.
An implication of this study for further trials of CIT pertains to stratification of patients based on the level of residual hand function. The baseline score of the distal part movements in the FMA, obtained from 12 movements of the wrist and finger, which can be easily and quickly examined, might be used to stratify patients for participation in this form of distributed CIT at this dose. Patients with higher FMA scores may benefit more from this form of CIT than those with lower scores. This stratification based on the initial FMA score differs from the 2-level stratification based on the amount of wrist and digit extension at baseline (ie, dichotomous levels of motor function) in the Extremity Constraint-Induced Therapy Evaluation (EXCITE) trial. 14 Of note, higher-and lower-functioning patients in the EXCITE trial did not differ significantly in motor function outcomes. 14 The motor criteria of the EXCITE trial focused on the extent of finger and wrist extension. Our measurements based on the FMA considered additional movements in the wrist and hand, including wrist circumduction and patterns of object grasp. The cumulative scores for the distal movements may have increased values in predicting CIT outcomes. models developed in this study did not predict a large portion of variance of the outcome measures except for the quality of movement on the MAL. Other potential predictors, such as cognitive, psychosocial, and emotional factors, need to be considered in future research.
prediction should take additional factors (eg, cognitive and psychosocial functions) into account when the treatment outcomes involve daily function. Taken together, various significant predictive factors have been identified according to the aspects of outcome to be predicted after distributed CIT. The ideal candidates for obtaining motor gains and subjective functional improvements, as measured by the FMA and the MAL, after distributed CIT might be those that preserve high motor ability of the distal part of UE, who are at a shorter time since stroke, or who are at a younger age. This knowledge should inform patient criteria for treatment success when implementing distributed CIT. For example, patients with higher movement capacity of the UE distal part, in addition to shorter time since stroke, may achieve greater gains from distributed CIT in terms of motor impairment and quality of movement. Higher movement capacity of the UE distal part, together with younger age, may lead to larger improvements in the use of the affected hand after distributed CIT.
Sex, side of stroke, spasticity, and neurologic impairment status were not predictive of any outcome measures examined in this study. These findings were inconsistent with the work of Rijntjes et al, 17 who found that patients with left stroke exhibited better fine motor control than patients with right stroke. However, Rijntjes et al examined the individual factor, rather than a combination of several factors, to determine its affect on CIT outcomes.
This study did not find evidence to support spasticity as a predictor for distributed CIT. The patients included in this study had mild spasticity (< 2 points on the ASH scale), which might have resulted in the failure of this factor to affect treatment outcomes. Neurologic status is believed to be related to stroke recovery, 47 and patients with higher neurologic status are assumed to possess greater potential to regain motor ability and daily function after treatment. 60 However, this study suggests that neurologic status before distributed CIT is not a predictor of treatment outcome. Neurologic status may interact with other predictors such as motor ability of the distal part of UE, and time since stroke may be a stronger predictor of treatment outcome than neurologic status. Furthermore, the NIHSS is often used in the acute stroke patients. It might not be sensitive enough to test the neurologic status of chronic patients.
Conclusion
This study is the first to investigate the potential demographic and clinical characteristics of stroke that can serve to predict distributed CIT outcomes in motor and functional capacity. The findings suggest that different significant predictors were applied to predict various aspects of outcome after distributed CIT. The best predictor for distributed CIT outcome was the motor ability of the distal part of the UE. The initial score of the distal movements in the FMA, obtained from 12 movements of the wrist and fingers, might be used to stratify patients for participation in this form of distributed CIT at this dose. The
